the two objectives which belong to the Yerkes Observatory. They have an aperture of 83 mm. and a focal length of 108 cm. The Rowland grating was used in the bright second order. Here the dark Ha line was narrower than the second slit, which was 0.08 mm. in width. Nevertheless the dark flocculi on the sun's disk were easily seen. I am, therefore, in hopes that small prominence spectroscopes, if provided with narrow oscillating slits, will ultimately permit most of the phenomena described in this paper to be observed by amateur astronomers.
Sorption isotherms for water vapor on certain partially hydrated oxides in the form of porous granules have been found to be of the type shown in figure 1A . The adsorbents were the catalysts of Series 2 of Almquist and Bray,' and consisted of copper oxide, manganese dioxide and mixtures of these oxides. Weighed samples were evacuated for several hours at 2000, and the isotherms at 25°were determined by adding and withdrawing quantities of water measured as a gas at 45°. The data for copper oxide, corresponding to figure 1A, are shown in table 1, and those for one of the mixtures in table 2. In each case the data are arranged in the order in which the readings were made. There was no evidence of hysteresis, but the method of measuring the pressure involved the vaporization of a little of the sorbed water, so that the final equilibrium may have been approached always from one side, whether portions of water were being added or withdrawn. The striking feature of all our isotherms is the rapid increase in sorption at higher pressures, as shown by the steep portion of the curve, FEB, in figure 1A . A similar result was obtained in one experiment with ether and manganese dioxide. In every case 85-90% of the sorption took place at pressures greater than one-half the vapor pressure of the pure liquid.
Novelty is not claimed for these results. They are very similar to many examples with silica gel or other gels and various vapors furnished by the well-known investigations of van Bemmelen, and of Zsigmondy and his coworkers. Other examples are water with various gas-mask charcoals, Lowry and Hulett,2 and water with alumina, Munro and Johnson.3 The Gottingen school4 established the conclusion that the rapid increase of sorption at the higher pressures is due to condensation of liquid in capillaries, but left the question open as to whether adsorption at the lower pressures is due to a monomolecular or multimolecular film.'
While the x/m -p plot, figure 1A , indicates that the sorption of water by copper oxide involves two distinct phenomena, namely, true adsorption at low pressures and capillary condensation at the higher pressures, this conclusion becomes much more evident when x/m is plotted in figure 1B P/po = 0.93). It is evident that the shape of the curve FEDC depends on the distribution of the sizes of the various capillaries, and that it is not to be expected that the variation of x/m with p will follow exactly any simple mathematical relation. However, if we assume that the amount of water condensed in capillaries is zero at F, and designate by x,/m the amount of water sorbed at higher pressures, it is found that x¢/m = apb, where the exponent b is approximately 6 between F and E, 11 between D and C and still higher in the steeper intermediate-portion ED. The corresponding curve for the data in table 2 is more regular and may be represented fairly well from F to C by the equation xl/m = ap9l5. 297 VOL. 12, 1926 It may, therefore, be concluded that in these examples capillary condensation is practically negligible at pressures below 0.5 po and radii below 15 A; and that the nature of the phenomenon is different at lower pressures, the exponent 1/n (or b) in the adsorption formula being then, as usual, less than unity. This is an argument against Patrick's8 "capillary condensation theory" of adsorption. Capillaries such as exist in our material and in the silica gels of van Bemmelen or Bachmann4 are evidently not present in Patrick's specially prepared silica gel. Indeed, if a different type and arrangement of "capillaries" were to be assumed at lower pressures, the question would have to be raised whether it would be justifiable to retain the term "capillary condensation." Moreover, the essential feature of capillary condensation is the interaction between molecules of the condensed liquid; but, when the pores are approaching molecular dimensions, every molecule adsorbed is in direct contact with the solid adsorbent, and the interaction is of a different nature. The last argument is stressed by McBain.9 He also points out, on the basis of extensive unpublished work, that adsorption on a cleaned surface of charcoal is completed at a relatively low pressure, and concludes that it is due to a monomolecular layer. This completion of adsorption at a relatively low pressure is indicated in figure 1A by the curve GFH.
Adsorption is thus a necessary precursor to capillary condensation, but the latter will occur only when the surface (covered with the monomolecular layer) is sufficiently curved. An essential criterion for capillary condensation, as demonstrated by Bachmann,4 is that the pores hold the same volume of any wetting liquid.
In a recent discussion with McBain it appeared that this criterion is not in itself sufficient because many cases of true adsorption involve comparable volumes of various substances as measured in the liquid state; but it was concluded that this is not incompatible with monomolecular adsorption. There are many varieties of monomolecular film, as defined by Langmuir and others, but all agree in assuming direct contact between adsorbed molecules and molecules of adsorbent. It is believed by McBain and ourselves that, for materials which are highly adsorbent at low pressures such as charcoal and Patrick's silica gel, the structure is a very open or incomplete lattice or lattices, into the spaces of which the individual adsorbed molecules penetrate.10 1 Almquist, J. A., and Bray, W. C., J. Amer. Chem. Soc., 45, 1923 Soc., 45, (2305 Soc., 42,1920 (946-78) . Patrick, W. A., and Long, J. S., J. Phys. Chem., 29, 1925 (336-43) .
McBain, J. W., Nature, 117, 1926 (550-1) . 10 Cf. Langmuir, I., J. Amer. Chem. Soc. 38, 1916 (2285 In a previous communication' it was shown that, throughout the arterial system (the aorta was excluded from the simplified analysis) and in capillaries, the prevailing balance (in the basal state) in the relation between rate of blood flow in a vessel and the volume of the vessel could be interpreted on the basis of the principle of minimum work. The cost per second, E, of operating a section of blood vessel was taken to be the sum of two work terms: (1) the work done per second against friction by the flow of blood, given in ergs/sec. by the product pf, where p is the fall in pressure in dynes/cm.2, andf is the rate of blood flow in cc./sec., and (2) the work done per second in maintaining the mere volume of blood contained in the vessel, given also in ergs/sec. by the term bvol, where vol is the volume in cc., and b is the cost in ergs/sec. per cc. of blood. Thus: E = pf + bvol.
(1)
The factor b was discussed in detail-it was treated as though a constant and four estimates of its value were obtained as follows from data on:
(1) the total effective mechanical work of the heart and the whole arterial blood volume-b = 19,000, (2) the velocity of blood in an artery and the radius of the artery-b = 12,000, (3a) the rate of flow of blood in a capillary and the volume of the capillary-b = 9000,. or (3b) introducing an alternative assumption in the reasoning as applied to capillaries-b = 23,000. Within the range 9000 --23,000 ergs/cc., sec. (or, B = 0.019 -0.048 cal./cc., day) the analysis appears to be self-consistent and, moreover, the magnitude of these estimates for the energy requirement of blood maintenance is of the same order as for body tissues in general-i.e., a basal rate of 2100 cals. per day for an individual weighing 70 kg. is evidently equivalent to 0.030 Cal. per day per gram of body weight. What now is the bearing of these results oA the process of oxygen exchange in capillaries?
